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that they both arise in the same way, viz. by exposure and sub-
sequent hardening of the secretion peculiar to the gland; for on
snbmitting the smooth oval patehh to microscopic examination, I
was delighted to fimd that it covered a collection of glands resem-
bling sweat-glands, each gland being tubular and provided with a
distinet duct, but occasionally two ducts would unite near the
point where thev opened cn the patch of smooth skin.  As many as
fifteen of these duets can be counted in a single fine section through
the patch ; therefore the number of the orifices may be estimated at
somewhere about seven hundred, and in some cases perhaps as
many as a thousand.

On examining the forearm of a feetal Lemur catte 1found a cluster
of Jong stiff hairs associated with some large sebaceous glands and at
once, thongh hastily, concluded that this must correspand to those
which I have just desciibed.  On examining the arin of Lemur
macaco and Chirogaleus coquereli some similar long bairs asso-
ciated with glands were also detected. On carefully re-examining
the arm of Lemur catia, it turned out that this peculiar ¢land is also
represented, as seen in fig. 4, which will illustrate its appearance
and situation far better than a verbal description.

The tuft of hairs with their glands oceurs in all the Lemurs I
have been able to examine alive in the Society's gardens and in dried
skins in the Prosector’s room, as well as in Hapalemur. Singularly
it is absent in the West-African Lemur, Perodicticus potto.

The intention of the paper is two-fold :—1. To call attention to the
glands underlying the smooth raised heap of black skin in Lemur
catta ; 2. To draw attention to the tuft of long hairs near it, and its
representative in the armm of other Lemurs.

Finally 1 am of opinion that the spur in Lemur catta and the
patch of spines in Hapalemur are formed of the dried secretions
peculiar to the glands.
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I. Ox THE STRUCTURE OF Fudrilus sylvicola. (Plate XXXIII.)

Mr. W. L. Sclater has kindly presented me with a number of
Earthworms which he collected in British Gniana; among these are
a few specimens of a species of Fudrilus which proves to be new to
science. The worms were carefully preserved and have proved to
be in an excellent condition for microscopical investigation.
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The genus Eudrilus was first described by M. Perrier!, who,
however, had ouly ill-preserved material to work at, consequently
his account of the structure of the worm is imperfect ; it is very
evident, nevertheless, from what he has written npon the subject,
that Zudrilus is oue of the most remarkable genera of Lumbricide,
and I was particularly glad to bave the opportunity of studying its
structure in really well-preserved specimens.

The most important facts which I have to bring forward in the
present paper concern the stractnre of the female generative appa-
ratus. In a note communicated to the ¢ Zoologischer Anzeiger’?, I
pointed out that Perrier's description of these organs was inaccu-
rate—that it did not, at least, apply to the species (a native of New
Caledonia) studied by myself. Perrier was right in stating that the
ovary was connected with the spermatheca, and that its contents
were set free by passing down the duct of the spermatheca ; but he
overlooked the fact that the ovary, althongh apparently sessile upon
the duct of the spermatheca, was in reality connected with it by its
own duct, a long coiled tube. This latter structure did not indeed
escape the attention of Perrier: but he erroneonsly regarded it as a
mere diverticulum of the spermatheca, ard failed to make out its
connection with the ovary. I was inclined to regard the species of
Eudrilus®, nupon which my own investigations were made, as distinct
from any of those which Perrier has described. On this account [
held it possible, thongh not probable, that Perrier and myself were
both right, and that the discrepancies between our observations
might be explained by supposing a real difference, as regards the
points at issue, between the two species. Now that I have been
able to study a second species of Eudrilus, I am disposed to think
that Perrier was entirely wrong in his description.

§ Exzternal Characters.

The Eudrilus which forms the subject of the present paper is a
small worm, not measuring more than 32 millim. in length. It is
remarkable for the fact that the body is built up of very few seg-
ments ; I counted 44, 45, and 46 respectively in each of the three
specimens at my disposal.

The colour of the worm 1is a dark bluish purple upon the dorsal
surface, fading into a dull yellow upon the ventral surfaee.

The sete are disposed in pairs, as in Lumbricus. 1 did not
notice any tendency to an inereased number in any of the pairs
which Perrier has referred to.

The clitellum occupies segments 14-18 inclusive.

The nephridiopores are placed in front of the ventral pair of
setee ; in all other species of this genus the nephridial apertures are
related to the dorsal pair of setze.

The female genevative pores are a pair of conspicuous orifices
situated npon the 14th segment, and in frout of the dorsal pair of

setee.

! Nouv. Arch. d. Mus. t. viil. (1872) p. 71. * No. 224 (1886).
3 Proc. Zool. Soc. May 18th, 1886, p. 302.
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The male generative pores are related to the ventral pair of setz,
and are situated upon the 17th segment.

In the position of the reproductive apertures the present species
agrees with all the other species except E. decipiens, where the
female pores are upon the 12th segment.

§ Integument.

The epidermis is covered, as in other Earthworms, by a delicate
cuticle ; the cells of the epidermis are of two kinds, (1) tall columnar
cells, (2) oval glandular cells (Plate XXXIIL. fig. 14,6): these
resemble exactly the epidermic cells of other Earthworms.

In one particular the epidermis of Eudrilus differs from Lumbricus,
and the majority of other genera of Lumbricide, and agrees with
Urocheta, a genus with which it does not show any other marked
resemblances. DBetween the setze on all the segments of the body is
a row of peculiar structures, which appear from the investigations of
Véjdovsky to represent degenerate or abortive setee; they consist in
each case (fig. 14, a) of a small spherical body darkly stained by borax
carmine, which is lodged in an invagination of the cuticle. The
cuticle, however, instead of forming a single layer round the central
body, is split into a number of layers like the coats of an onion; flat-
tened deeply stained nuclei are sitnated between these layers. These
structures are also found upon the clitellum, and they invariably lie
at the base of the epidermis, just above the circular muscular
layer.

}:[‘he structure of the clitellum is precisely similar to'that of Lum-
bricus.

The eircular muscle-layer resembles that of other Earthworms ;
numerous pigment-granules lie between the individnal fibres on the
dorsal side of the body. >

The longitudinal muscular coat shows the bipinnate arrangement
of its fibres which Claparéde ! was the first to describe in Lumbricus.
This fact is worth meutioning, inasmuch as it is unusual in Lum-
bricidze ; in by far the majority of instances the longitudinal muscle-
layer does not s"ow this bipinnate arrangement. I should remark
that in the anterior region of the body, Fudrilus does not show the
characteristic bipinnate disposition of its fibres.

§ dAlimentary System.

The most interesting feature about the alimentary canal relates to
the calciferovs glands, which are, in many respects, rather different
from those of other Lumbricidee. The other subdivisions of the
alimentary tract are of no special interest, and do not differ materially
from those of the more typical genera, such as Pericheta. I may
state that I have not observed any traces of a typhlosole; the
absence of this structure, which is generally present in Earthworms,
allies Eudrilus to Pontodrilus. Nor are there in the present species
intestinal glands such as those which are characteristic of Eudrilus

! Zeitschr. f. wiss. Zool. 1869.
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boyeri'. The occurrence of such glands, however, is no more re-
markable than their ahsence, and other genera are known (Acantho-
drilus) in whieh such glands may be absent or present.

The calciferous glands are present to the nnmber of a single pair
in segment 12 ; these glands are lobed, the furrows running parallel
with the long axis of the body; they are lateral in position, but
extend dorsally ahove the level of the cesophagus. The structure of
these glands is closely similar to that which is found in other Earth-
worms ; they appear to be rather small in size compared to what
they are (for example) in Acanthodrilus?; in the species of the
latter genns investigated by me, the glands nearly fill up the body-
cavity of the segments that contain them ; they are very far from
doing this in Eudrilus. M. Perrier makes no mention of the pre-
sence of calciferons glands in any of the three species studied by
him.

In the tenth and eleventh segments, into which also open the.fun-
nels of the vasa deferentia, is a remarkable glandular body ; this struc-
ture (Plate XXXI1II. figs. 5 a, 6) cousists of a median nnpaired gland
lying beneath the cesophagus, and evidently opening into it; in dis-
secting the worm it was necessary to raise the cesophagus, in order to
bring into view these glands, which are completely hidden when the
cesophagus is left in situ. These glands differ in their general ap-
pearance, as well as in their position, from the calciferons glands of
the twelfth segment, but do not differ in mivnte stracture. 'The
accompanying figure (fig. 3) illustrates the minute structure of one of
these subcesophageal glands; the section has Leen made through the
cesophageal orifice, which is very wide. The lining epithelium of the
gland differs in its character from the epithelium of the @sophagus,
but there is no abrapt break between the two; the epithelinm lining
the gland gradually passes into the epithelium of the cesophagus.
The epithelial cells of the cesophagus are tall and columnar in
form, very narrow at the base, and but slightly wider at the distal ex-
tremity ; on the other hand, the epithelium of the gland is composed
of low cubical cells; the lining membrane of the gland is thrown
into a series of folds which anastomose here and there; each fold
contains a core of connective tissue in which are blood-vessels. The
outer walls of the gland are of course in continnity with the muscular
walls of the cesophagus, but their thickness is very considerably
less. The serous coat of the cesophagus, as of the alimentary tract
generally, is formed by a single layer of tall, pear-shaped peritoneal
cells—the so-ealled ““ hepatic cells’ (fiz. 3, p) ; these cells, as in other
Earthworms, contain numerous olive-brown, highly refracting par-
ticles in their interior. The fact that the base of the cell, where it is
in contact with the wall of the alimentary tract, is prolonged iuto a
stalk, which is hyaline and devoid of granules, and which rests
directly upon the circular muscular layer, the longitudinal fibres
being developed between the bases of the cells, probably gave rise
to the erroneous supposition that these cells were glandules opening
into the alimentary tract. This serous layer is continued over the

' P. 7. 8. 1886, p. 302. ' P, 7. S.1885, p. 811,
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subcesophageal gland, but the cells become smaller and more flattened,
although they still contain the peculiar yellow granules.

The vascular channels in the walls of the subesophageal glands
appeared to be less developed than in the calciferous glands; I am
disposed, however, to think that this was due to accidental causes.
As shown in the fignre (Plate XXXIIL fig. 3) the contractile
““heart ” of this segment (%) gives off almost immediately after its
origin from the dorsal vessel a conspicnous thin-walled vessel (4')
on either side, which passes round the esophagus, and ends upon the
surface of the subasophageal gland ; it is doubtless concerned with
the blood-supply of the gland.

§ Vascular System.

The principal vascular trunks correspond to those of most other
intra- and post-clitellian worms ; in the cesophageal region there are
five longitudinal trunks (I did not observe any lateral vessel), viz.
(1) dorsal vessel, (2) supra-intestinal, (3) infra-tutestinal, (4) supra-
nervian, and (5) subneural. There are five pairs of ‘“hearts”
encircling the cesophagus: the first of these lies in segment 8, and
connects the dorsal with the supra-nervian vessel ; the lateral hearts
of segmeunts [0, 11, and 12 are also cowmected with the supra-
intestinal trunk : this did not appear to be the case with the heart
of segment 9, although T am not perfectly certain about the point.
The walls of the first fonr pairs of hearts are very muscular and
thick ; this is not the case with the hearts of segment 12, which
are chiefly concerned with the blood-supply of the calciferous glauds
of this segment.

It is worth pointing out that Eudrilus agrees closely with T/%amno-
drilus (see P. Z. 8. 1887, pt. 1.) in the unmber of hearts, and in the
fact that the three posterior are intestinal hearts, communicating as
they do with the supra-intestinal vessel.

The ventral esophageal glands are supplied (see fig. 3) by a
blood-vessel which leaves the supra-intestinal and dorsal trank ; tlhe
blood is collected from these glands, and from the walls of the
esophagus geuerally into the subintestinal vessel.

The snpra- and subintestinal vessels are well developed in the
region of the cesophagus, being chiefly concerned with the blood-
supply of 1ts walls.  Lach of the vessels (figs. 5, 6, 7) bifurcates in
the neighbourhood of the subcesophageal glauds.

§ Nephridia.

The ocenrrence of these organs has already heen noted by Perrier,
who does not, however, give any account of their anatomy.

His division of the Intraclitellians into two groups, which are
characterized by the dorsal or ventral position of the nephridiopore,
is clearly inadmissible, since the prese: t species agrees with Zifanus
and differs from other species of Euwdrilus in the fact that the
nephridia open by the ventral pair of setee.

The nephridium itself (fig. 17) consists of a tubnle of the ordinary
structure and coiled upon itself in a very complicated fashion ; the
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greater portion forms a tuft situated in the neighbourbood of the
ventral pair of setie (¢), between these and the nerve-cord ; the distal
extremity of the tubule opens by the ordinary tuunel-shaped aper-
ture (a) to the vext segment in tront.

The excretory tnbule then widens out, and forms a section (4)
which pre-euts a close structiral agreement with that lettered (/) in
my figures of the vephiidia of Thamnodrilus'; this opensiuto the distal
section of the organ (@) which runs paiallel with the last ; 1its walls
appear to contain a few muscular fibies. A histological account of
the several 1egions of the nephridium is deferred for the present.

§ Generative Organs.

Female Generative Apparatus.—1 have investigated the structure
of tiie female geuelative organs by dissection as well as by meauns of
transverse and longitudinal sections thiough the region of' the body
which they occupy. The excellent state of preseivation of the spe-
cimens enables me to add some few facts to those which 1 have
already published * coucerning the anatomy of the temale reproductive
organs. I have also been able to obseive some facts beaiing upon
the development of the ovarian ovum, but these 1 proj.ose to make
the subject of a separate paper.

The main facts with respect to the anatomy of the female 1epro-
ductive organs stated in my former papers, 1 am able to confinm
tfrom the study of the present species. In E. sylvicola as in K. boyeri
(and probably in all other species) the ovary is continuous with a
much-coiled duct with cthated lining epitl.elinm and muscular walls
(Plate XXXI1L. fig. 12); this opens on to the exterior in common
with a large speimatheca, upon the duet of which a small gland is
sessile.

A dissection of the present species skows that the female repro-
dnctive orgaus, although opemng on to the exterior in the 14th
segmeut, occupy both this and the 13th segment ; the mesentery
between the two segments is apparently absent. An examivation of
a seiles of lougitudinal sections shows that the mesentery is not
entirely aborted ; the large spermatl eca lies in both segments, and
the mesentery dividing them is attached to the sides of the sperma-
theca ; lower down (:ee woodcut, fig. 1, p. 381) the mesentery, when
present, divides off the ovary, which lies in the 14th tegment, trom the
ovidnct, the greater part ot which lies in the 13th segment, and fiom
the glandular diveiticulum of the spermatheca which lies in the same
segment (sp, fig. 1). Since the female generative aperture lies in the
14th segment as well as the ovary, it is clear that the oviduct, the
greater part of which lies in the 13th segment, must perforate the
mtersegmental mesentery twice.

It is clear fiom my sections that the relative positions of the ovary
and its duct are precisely the reverse of that which is indicated in

' Woodcuts, figs. 5, 6, P. Z. S. 1887 (pp. 160, 161).
2 Zool. Anzeiger, Bd.ix.p. 542 P. Z. 8. 1886, p. 202; Proc. Roy. Soc. Edinb.
no. 122, p. 6.
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Perrier’s figure (loc. cit. pl. ii. fig. 26) ; Perrier places the ovary in
the same segment as that which contains the external orifice, and is
so far in accord with myself’; but the oviduct is represented as lying
behind the ovary instead of in front of it.

In one of the two spechmens which I investigated by means of
sections, I found a body corresponding exactly in position to the
ovary in the majority of Lumbricidee ; a pair of small cellular bodies
exitt on the anteiior mesentery of segment 13 near to the ventral
median line ; the-e bodies are composed of small indifferent cells, and
resemble very closely the testes of the same worm ; each of these is sur-
rounded (Plate XXX111.fig.4) by a muscular sac which is continuous
with a duct ; the duct appears to open into the duct of the sperma-
theca opposite to the orifice of the glandular diverticulum; I sue-
ceeded in tracing it forward nearly to this point, but did not observe
its actual orifice. The cellular body was attached to the mesenteric
wall, and was entirely free from its enveloping muscular sac; this
fact, as well as the evident immmaturity of the gland, naturally
suggested that the connection with the duct was secondary. Three
wete no traces of cilia in the duct. These glands ocenpy a position
exactly corresponding to that of the testes, ¢. e. just above the ventral-
most setee, while the ovary of segment 14 has a simi'ar 1elation to
the dorsal setee (see weodcut, fig. 1, p. 281).

[t might easily, therefore, be suggested that the strocture on the
13th mesentery 1s the true ovary, and that the supposed ovary in
the next segment is really the equivalent of the receptaculum ovorum.
The position of the different organs referred tois in accord with sich
an interpretation ; that is to say, their j.o-ition so far as concerns
the segments which they occupy. 'The position of the several struc-
tures within the segment, however, differs: the glandular body of
the 13th segment corresyonds exactly with the testes (see below,
p. 381, fig. 1) ; a straight line connecting the testes and the glandular
body of the 13th segment would run exactly parallel with the long
axis of the body ; on the contraiy the ovaries of the 14th sepment
are placed much further away from the ventral median line of
the body, and are placed not very far from the female geneiative
pore.

Tlhis alteration of position, liowever, may have been produced
during the growth of the ovary and its duct; and in any case it i1sa
fact which may be nsed with equal force as an argument either for
or against the supposition that the ovaries of segment 14 are
ovaries or receptacula. ‘I'he principal argnments in favour of
regardirg the ovaries of segment 14 as real ovaries are :—

(1) 'I'he fact that the ova undergo their whole course of develop-
ment in those bodies ; indifferent germinal cells can be traced through
all the intermediate stages into fully developed ova. The receptacula
of other Earthworms, on the contrary, contain ouly adult or nearly
adult ova.

(2) The presence of rudimentary ovaries (?) in segment 13, whose
structure and relation to their duct snggests how the continuity be-
tween the supposed ovary and its duct of segment 14 may have been
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brought about. The adult structure of the supposed ovary of
segment 14 might otherwise be regarded as an exaggeration of the
partial continuity of the receptaculum ovorum and the ovidact which
exists in Lumbricus &e.'

The continnity between the oviduct and the ovary is a fact of
some little importance in the comparative morphology of Annelids.
In no other form that I am aware of is there a similar connection
hetween the gland and its duct, the two being invariably separate.
There is therefore a difference between Eudrilus and other Lumbri-
cidee, like that which exists between Lepidostens and many Tele-
osteans on the one hand, and Osmerus and Amia on the other?® 1t
may also be remarked that, at any rate in this particular, it is
impossible to draw a hard-aud-fast line between the Hirudinea and
Annelida : hitherto the Hirudinea have been regarded as differing
from Aunelids in the possession of what have been termed ¢ tubular
ovaries,” where the duct was suppo-ed to be aun outgrowth or con-
tinuation of the gland itself. Recently Nussbaum? has stated that
the reproductive organs in certain Ilirudinea are developed indepen-
dently of their ducts, which have a resemblance to nephridia.

It 1s plain therefore that in this case, at any rate, the distinction
between tubular and other ovaries falls to the ground. It is inter-
esting to note that the condition which is cl.aracteristic of the Leech
may also occur in a Cheetopod.

Male Generative Apparatus.—In spite of the fact that Hering*
clearly demonstrated the true testes of Lumbricus, and distinguished
them from the vesiculee seminales, the latter structures have uutil
very lately been called ‘ testes.”” The rediscovery by Prof. Bourne *
of the testes of the common Eartliworm, and a number of subsequent
vesearches, particularly those of Dr. R. S. Bergh °, have firmly estab-
lished the exactness of Hering's statements. With regard to exotic
genera of Lumbricidee, however, our kuowledge is still very imperfect.
The fact that the so-called *“ testes’’ are, in the majority of forms,
apparently unconnected with the funnels of the vasa deferentia, and
the frequently racemose structure of the former bodies, Las probably
nfluenced those writers who have (in my opiuion erroneously) de-
seribed the vesiculee seminales as ““testes.” Dr. Ilorst appears to be
the first who has noticed the true testes in any post-clitellian or intia-
clitellian Earthworms; in his account of the anatomy of Pericheta

! Ti is quite impossible to regard this body as a receptaculum, containing as
it does indifferent cells, unless it be admitted that the receptaculum coineides
in position with the ovary, as in the vase of the testes and vesicule; in this
case the continuity of the dnct and the sac which envelops the ovary will have
to be regarded as secondary. I am quite disposed to regard this as a possible
view, but it does not affect the anatomical fact of the continuity of the ovary
and its duet in the adult condition.

2 « Contributions to Morphology. Tchthyopsida.—No. 2. On the Oviducts of
Osmerus ; with Remarks on the Relations of the Telcostean with the Ganoid
Fishes,” P. Z. 8. 1883, p. 132.

3 Zool. Anzeig. Bd. viii. p. 181.

¢ Zeitschr. f. wiss. Zool. Bd. viii. (1852).

> Quoted by J. E. Bloomfield, Quart. Journ. Micr. Sci. 1880.

¢ Zeitschr. f. wiss. Zool. 1886 ; Zool. Anzeig. 1856, p. 251.
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tndica * this naturalist plainly perceived that the structure of the
male geunerative glands in Percheta was essentially similar to that of
Lumbricus.  Mr. Benham® was also able to discover the true testes
in Microcheeta, sitnated on tiie autertor wall of the segments which
contatn them, and enclosed 1n a common sac with the vesicula senn-
nales and the terminal funnels of the vasa deferentia. More recently
Dr. Bergh? has given a full account of the male reproductive orgaus
of Pericheeta, which establishes without auy doubt the correctuess of
Horst's observations.

In Eudrilus there are three pairs of white glandular-looking hodies
in segments 10, 11, and 12, which evideutly correspoud to the
structures termed testes by Perrier in his notes on the anatomy of
this genus®. Iu the dissected worm these bodies were very friable ;
and for that reason I have found it impossible to give an aceurate
idea of their naked-eye appearances. 'L'hese bodies are not testes,
but vesieulze seminales ; thetr strueture resembles that of the vesiculea
seminales of Lumbricus (fig. 11, «) ; they cousist of a delicate fibrous
network of trabecule, in the compartments of which are lodged the
developing spermatozoa. In the case of the two anterior pairs of
vesicnlae semnales, the fibrous sheath of the organ was found to con-
tain (fig. 2, ¢) a small irregularly-shaped body composed of small
uniformly-sized cells; these bodies were attached firmly to the
ensheathing fibrous tuuic, and at one point the fibrous tunie was seen
to be continnous with the intersegmental septum close to the nerve-
cord ; and here the cellular Lody appeared to be attached also to the
mesentery. These two pairs of organs seem to Le without doubt the
true festes.  Thetr position, attachied to ti.e anterior wall of segmeuts
10 and 11, as well as tleir enclosure by the tunic of the vesicula
seminales, is entirely in tavour of such au identification.

I both the 10th and [l1th segments the vesiculee seminales were
united by a median unpaired region, lymmg beneath the alimentary
tract and enclosing the ventral blood-ve:sel, but not the nerve-cord ;
it 3s with this portion of the vesiculse that the funnels of the vasa
deferentia are connected, as will be des rited shortly. In the case
of the auterior pair of vesiculw this median 1egion was closely packed
with bundies of developing spermatozoa ; the median region of the
Ilth segment, on the countrary, was nearly empty of developing
spermatozoa.

The two vesiculae of the 12th segment do not euclose any testis ;
they appear to be unconnected with the vesiculee of the two anterior
segments ; they are in all protabiinty, however, to be regarded as
outgrowths of the latter, aud not as constituting an independent
third patr of vesiculee.

It is important to notice that Ludrilus, aithough so abnormal in
the strueture of the female geunerative apparatus, conforms to the
ordinary type in the structure of the male generative organs. The
tacts detailed above, coupled with the researcues of Ilorst, Benham,

I Niederl. Archiv . Zool. Bd. iv. (1877-78).
2 Quart. Journ. Micr. Sei. vol. xavi. (new series.)
? Loc. cit. 1 Loc. cit.
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and Bergh, appear to render it extremely probable that in other
Lumbricidae the structures generally described as testes will ulti-
mately prove to be vesicnla seminales.

Dissection of genital region of Eudrilus sylvicola (diagrammatic).

T, testis; v.s, vesicula seminalis; v.d, vas deferens; x, rudimentary ovary; sp,
spermatheca; ov, ovary; od, oviduct; al, “albuminiparous” gland;
¢.p, bursa copulatrix; B, funnel of vas deferens, lateral view,

Proc. Zoow. Soc.—1887, No. XXVI. 26
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In the present species, as well as in Eudrilus boyeri', the 10th
and 11th segments are occupied by a pair of thin-walled vesicles
(woodcnt, fig. 1), situated close to each other on either side of the
nerve-cord and largely concealed by the superjacent vesicula seminales.
These vesicles in both species alike were filled with a chalk-white
mass, which rendered them far more visible than they would have
been if void of conteuts. In Eudrilus boyeri 1 was unable to ascer-
tain the nature of these structures, and accordingly have not referred
to them in my notes on the anatomy of that species. M. Perrier
gives uo description or figures of any such structures in his species
of Eudrilus. 1 was at first inclined to regard these structures as
spermathecz, with which they have not a little rescmblance; my
sections, however, show that they are really the much-dilated extre-
mities of the vasa deferentia just before they open into the funnel.

Fig. 11 (Plate XXXI1L.) illustrates a transverse section through
one of these structures, and shows the continuity between the cavity of
the vesicle and the terminal funnel. The funnel of the vas deferens is
(fig. 11, ¢), as usnal, a much plicated membrane, composed of ciliated
cells with an wnderlying layer of muscular fibres, among which are
numerons blood-capillaries; the terminal vesicle of the vas deferens
(fig. 1, 8) has exactly the same structure ; itis lined by a single row
of cubical ciliated cells ; in the interior of each of these is a distinct
nucleus. Onutside the layer of ciliated cells is the muscular coat, com-
posed of fibres running in different directions ; the thickness of the
muscular coat is not much greater than that of the cellular layer.
The anterior pair of vasa deferentia funnels, as shown in the figure
(fig 11), project into the interior of the vesicula seminalis; there is,
however, a space left between the masses of spermatophores and the
ciliated cells; the whole of the vesicle of the vas deferens, with the
exception of the under surface, is completely surrounded by the vesi-
cula seminalis; the delicate fihrous wall of the latter appears to be
here in actual contact with the muscular wall of the vesicle ; there is,
at any rate, no space left between the masses of spermatophores and
the wall of the vesicle. The posterior pairof vas-deferens funnels
appear at first sight to be completely free from all connection with
the vesiculae seminales of their segment. The vasa deferentia, how-
ever, do not open freely into the body-cavity, but into a delicate
fibrous sac (which encloses the ventral blood-vessel, and is conse-
quently perforated by the lateral < hearts” of this segment, which
unite the ventral with the dorsal vessel). This sac is median and
unpaired ; it is connected with a short diverticulum on either side,
which contains the testis ; groups of spermatophores are found in
the interior of the sac; and although I have not succeeded in tracing
its continuity with the vesicule seminales, I have little doubt that
the separation is only secondary, if not altogether accidental; it
corresponds to the median portion of the vesiculee in segment 10.
The vasa deferentia remain separate for the whole of their course ;
the two vasa deferentia of each side only become united within the
tunic®of the prostate gland. They are furnished with an unusually

1 P. Z. S. 1886, p. 302.
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well-developed muscular coat (fig. 11,8); the lining epitheliam is
ciliated throughout.

The terminal apparatus of the male generative system in Eudrilus
is extremely unlike what is found in other Earthworms. It has been
already partly described by Perrier and by myself; but these
descriptions refer only to the rough anatomy of the organs, and not
to the minute structure. With regard to one point there is some
discrepancy hetween Perrier’s account and my own, and that is the
terminatiou of the vasa deferentia. These tubes, as already stated,
are remarkable for the fact that they possess a thick muscular coat,
which is wanting in the vasa deferentia of other Earthworms; the
two vasa deferentia, instead of uniting to form a single tube, as they
do in the majority of Lumbricide (in all except dcanthodrilus),
remain distinct and open separately into the terminal region of the
prostate gland. M. Perrier has figured (Z. c. pl. ii. fig. 26, @) a single
vas deferens opening into the muscnlar sac of the penis in Eudrilus
decipiens ; and there are no statements in his paper which would lead
to the inference that in the two other species there was a difference
in respect of these organs. Towards their distal extremity the vasa
deferentia increase notably in diameter (¢cf. figs. 1, 16).

In Eudrilus boyeri I found the important difference in the vasa
deferentia and in their relation to the termival apparatus that has
been just referred to, and which is fully described and figured in my
paper upon that species; and I am now in a position to state that in
Ludrilus sylvicola the arrangement of these organs is precisely similar.
This fact renders it probable, in my opinion, that the structure of
the terminal apparatus of the male sexual organs in Budrilus gene-
rally is closely similar to that of . sylvicola, which is now to be
described in detail.

On opening the hody of the worm the conspicuous prostate glands
are to be seen, which extend back from their opening into the bursa
copulatrix of the 17th segment for some way. M. Perrier rightly
potnts out the nacreons appearance of this organ, which only resembles
the prostate gland of other Lumbricidz by its position :—*“ mais qui
ne présente en ancune facon 'aspect glandulaire de ces derniéres.”
An investigation of the structure of this sausage-shaped body
shows very plainly that it is of a glandular nature and that 1t
resembles 1n many points the prostate glands of other Earthworms.
The glandular nature of the organ is, however, masked by the very
great development of its muscular layers, which give to it the pecu-
liar nacreous appearance which is so characteristic. A study of the
organ by means of transverse sections (see Plate XXXIIIL., fig. 13)
shows that these muscular layers together form a coat of very
considerable thickness; by far the greater part is occupied by the
longitudinal fibres, the transverse fibres forming a very delicate
layer within these. The glandular tissue of the organ is divided
into two layers, which agiee very closely in structure with the
prostate glands of Acanthodrilus, and also present an nmmistak-
able resemblance to the epidermis of the clitellum. The inner row

of cells which surround the lumen of the gland are narrow, elon-
20%
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gated, highly granular cells ; the re-t of the epithelium of the gland
is compused of glandular cells, rounded and swollen at the ba-e
and terminating in a fine slender duct; there are numerous 10ws
of the-e cells. The lumen of the gland for the posterior half is
triangutar (Plate XXXIII. fig. 8); further forward (fig. 9) it
becomes cross-~haped. In the posterior half of the prostate, how-
ever, the gland is divided into two tubes, which are quite independent
of each other: rather behind the point at which the vasa deferentia
perforate the coats of the prostate the inner circnlar muscular layer
of the gland is deflected inwards (see fig. 10), and cuts up the inte-
rior into two parallel chambers ; the one contains the continuation
of the lumen of the prostate which has just been described, while
the other contains at first mercly a mass of glandular cells cut off
from the outer layers of glandular epitheliom by the invasion of the
cireular muscular layer.  Presently a Iumen is developed in this part
of the gland, which has a crescentic outline ; there is absolately no
continuity at this end between the two tubes; the lining epithelium
of the second tube ultimately comes to resemble in every particular
that of the principal tube; there is no external indication of the
divi-ion of the prostate into two parallel tubes; the section of the
whole organ is an unbroken ellipse. Where the vasa deferentia
perforate the walls of the prostate the second tul.e is already estab-
lished ; the vasa deferentia make their way separately through the
muscular coats of the gland, losing their own special muscles : the
vasa deferentia become very fine tubes, which are not easy to recog-
nize ; they appear to become united in the circular muscular coat of
the prostate into a single tube which passes along the mnscles
dividing up the interior of the prostate; the vas deferens then
becomes continuous with the prostate gland, but with the original
portion of the gland, and not with the second tube. Theoretically
one might suppose that each vas deferens opened into a separate
part of the prostate, and that the division of the latter corresponded
to the separation of the vasa deferentia ; I cannot, however, find any
evidence that this is the case.

Each of the two portions of the prostate becomes continuouns with
a narrow tube that leads to the penis (see fig. 15) ; in correspondence
with the difference in size between the two portions of the prostate,
the outermost of the two tubes leading to the penis is smaller than
the inner. A little before they enter the penis the two tubes join
into a single tube.

The penis (p, Plate XXXIII. fig. 15) is a muscular process of the
walls of the hursa copulatrix ; it contains a median canal, which is
continuous with the lumen of the duct of the prostate gland. The
internal canal of the penis, however, does not alone communicate with
the vas deferens ; towards the base of the organ, 7. e. towards its base
of attachment to the walls of the bursa, it bears a longitundinal groove,
which shortly becomes closed in and forms a canal, ultimately
opening into the canal of the penis; there is therefore an open com-
munication between the vas deferens and the interior of the bursa
copulatrix ; in fact, in the specimen which I studied by means of
transverse sections, a mass of spermatozoa partly filled up the canal
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leading from the internal lumen of the penis to the exterior of the
organ. These points are illustrated in the diagrammatic drawing of
these parts (fig. 15).

Next to the extraordinary complicated structure of the terminal
section of the male generative ducts, the most remarkable fact about
these organs in Eudrilus is the muscular coat of the vas deferens.
In so far as I am aware, there is no Earthworm in which these tubes
consist of more than a ciliated cubical epithelium surrounded by a
delicate peritoneal investment ; the muscular coat of the vas deferens
is another point of resemblance to the Leech.

Besides the ¢ prostate ” gland, the eopulatory apparatus is fur-
nished with another structure—the Y-shaped appendage of Perrier.
'This body has been eorrectly stated by Perrier to open into the bursa
copulatrix, although his dissections did not enable him to demon-
strate its precise relations. Inmy paper on the anatomy of Fudrilus
boyeri 1 stated that the duct of the Y-shaped gland opened into a
cushion-like outgrowth of the bursa copulatrix, which Perrier has
figured (1. c. pl. 1. fig. 27). I find that in the pre:ent species the
structure is the same. The body in question in E. sylvicola appears
to be invariably Y-shaped (fig. 15); the two arms of the Y never
join at their extremities to form a horseshoe-shaped tube, as is stated
by Perrier to occur in his species and by myself in E. boyeri. The
two arms of the Y remain separate for only a short distance, when
they become united into a single tube, which passes through the pad-
like outgrowth of the walls of the bursa, and opens at its extre-nity
into the interior of the bursa. The structure of the Y-shaped body
is illustrated in Plate XXXIII. fig. 15; its walls are very thick and
muscular, and the narrow lumen is lined by a somewhat flattened
epithelium ; the extreme development of the muscular layers as com-
pared with the epithelial lining rather suggests that its function is
not that of a gland. Although the duct of the Y-shaped appendage
opens freely into the interior of the bursa, it is really practically
continuous with the lumen of the penis; the pad which bears the
terminal orifice of the Y-shaped appendage projects so far into the
interior of the bursa as nearly to occlude its lumen; only a narrow
space is left between the pad and the penis, and this communicates
directly with the lumen of the penis by the orifice already referred
to above under the description of the penis.

The pad itself is very muscular, and it is easy to imagine that by
appropriate contraction of its walls the duct of the Y-shaped appen-
dage might be brought into actual continuity with the interior of the
penis. I have no facts at my disposal which enable me to state
positively what is the function of the Y-shaped appendage, but I am
rather disposed to think from its structure and relations that it serves
as a seminal reservoir.

There is no doubt that Eudrilus differs very widely from other
Lumbricidee in the structure of the female generative apparatus, and
in the terminal apparatus of the male generative orgauns. In spite,
however, of this great divergence, it agrees very closely in other par-
ticulars with the ordinary type of structure which characterizes the
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Lumbricidee ; the testes and vesiculie seminales conform in every
respect to Lumbricus or Perichata ; the position of the gizzard, the
presence of caleiferous glands on the posterior region of the cesopha-
gus, the extent of the clitellam and the rehtlons to it of the male
generative apertures, all point to the resemblance of this genus to
many Intraclitellian forms. The presence of the peculiar epidermic
structures believed by Véjdovsky to represent abortive setee, ally
Eudrilus to Urocheta in particular among the Intraclitellians. The
origin of the lateral ¢ hearts’ from the dorsal vessel, and not from
a snpra-intestinal trunk, is a point in which Eudrilus as distinetly
assimilates to many Postclitellians and Intraclitellian worms.

The muscular penis of Eudrilus is, however, in my opinion, not

to be regarded as a new structure; in many species of Pericheta
the terminal portion of the vas defereus is a thick-walled musecular
tube which can be everted, and which doubtless serves as a copula-
tory organ; from this condition to that which is characteristic of
Eudrilus is not a wide step, the everted coudition of the terminal
section of the vas deferens being permanent in the latter genus.
Auother point of difference from the remaining Lumbricidee is in the
number of accessory organs which open in common with the vasa
deferentia ; it mnst be remembered, however, that the vasa deferentia
retain their distinctness up to their point of opening on to the exte-
rior, and the presence of fwo prostate glands is therefore not sur-
prising. It is also possible that there is a similarity in this respect
between Ludrilus and Pericheta ceylonica®, only that in Ludrilus
a'l the accessory male glands are concentrated, and come to open on
one segment in connmon with the sperm- ducts.

The female generative apparatus, honever, appears to be absolutely
unique ; there has been nothing like it described in any other Earth-
wornm.  So far as our present knowledge goes, it seems necessary to
separate Ludrilus into a distinet family. Perrier himself has shown
reasous for believing that different species of the geuns may have the
male generative openings either within or behind the cliteltum, and
11 any case Ludrilus shows no marked affinities to any Postclitellian
or Intrachtellian geuera. I am unwilling, however, at present to
regard Eudrilus as the type of a new family equivalent to either
Postelitelbans or Intraclitelhianrs, and I think tl.at Véjdovsky’s plan
of dividing the Oligochacta terricola iuto several families (Perichee-
tidee, Urocheaetidee, &c.) is most in harmony with onr present know-
ledge of the structure of the group.

"T'he present species cannot be 1dentical either with any of those
described by M. Perrier, or with a fourth species recently described
by myself, from New Caledonia.

1t differs in the position of the nephridiopores, which open in
front of the veutral pair of setee, and not by the dorsal pair as in all
the other species of the genus at present known.

If M. Perrier had vot, in his description of the genus, particn-
larly stated that the nephridiopores are developed 1n relation to the
dorsal setw, 1 should hLave referred this species to K. peregrinus.

! Ann. & Mag, Nat. Hist. 1836, xvii, p. &4,
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Like E. peregrinus, the present species is a native of the continent of
South America; in both the clitellam occupies segmeuts 1413
inclosive. M. Perrier describes in the 10th segment, *“ une sorte de
toute petite masse glandulaire, absolument indéterniinable,” which
may possibly be one of the median ventral eesophageal glands already
described (p. 375).

II. FurTHER NoTE oN THE REPRODUCTIVE ORGANS OF
Aeanthodrilus.

In the ¢ Proceedings’ of this Society for 1885 I published an
account of the anatomy of three species of the genus Acanthodrilus.
On reexamiving my preparatious, I find that 1 have misinterpreted
the nature of certain structures described in that paper. At the
time that 1 wrote, hardly anything was known of the structure of
the male reproductive organs in exotic Lumbricidee ; the only paper
on the subject, honever, appeared to show that in Pericketa at any
rate' the so-called testes of Perrier and other writers were really
the equivalents of the seminal vesicles of Lumbricus, aud that the
testes of the latter were represented by homologous structures. Since
then Mr. Benham® and Prof. Bergh?® have brought forward couclusive
evidence that the structure of the male generative orgaus in Micro-
cheta and Pericheta is essentially similar to those of Lumbricus.
In both genera there are two pairs of testes, which become enveloped
by the seminal vesicles. My own investigations into the stracture
of Fudrilus (antea, p. 380), and a genus to be described in a future
paper, lead me to confirm in every point the justice of the conclusions
arrived at by Benham and Bergh. In the light of these researches
I bave again examined the structure of the male reproductive organs
in Acanthodrilus dissimilis, and have to make the following additions
to and corrections of my former paper.

In the woodcut which illustrates that paper 1 have figured two
pairs of glands, sitnated in the 11th and 12th segments respectively,
aud attached to the anterior mesenteries of these segments aund to
the vasa deferentia at the point where they perforate the mesenteries
(fig. 3). I find that 1 have omitted both inthe figure and in the de-
scription (p. 824) which accompauies it another pair of glands, which
are sitnated on the auterior mesentery of segment 10 ; the accom-
panying drawing (fig. 2, p. 388), which is an alteration of the original
woodcut, illustrates this point. The three pairs of glands are closely
stmilar in structure to each other and to the ovaries, which oecupy a
similar position in segment 13. In my paper already referred to, I
voted the fact that the glands which are sitnated in segment 12 not
only agree in structure with the ovaries, but that in one specin.en at
any rate they contained fully developed ova. This fact (which I have
since verified by a renewed examination of the specimeuns) led me
to infer that the glands, both of this segment and of the one in front,
were a rudimentary pair of ovaries which perhaps never reached
maturity. In the light of recent rescarches—1 refer to those of

1 R. Horst, Niederl. Archiv f. Zool loc. cit. 7
2 Quart, Journ. Micr. Sei. 1886. 3 Zeitschr, f. wiss. Zool. 1886,
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Benham and Bergh—I am now convinced that the pair of glands in
segment 11 represent the posterior pair of testes in Lumbricus, and
that the glands in segment 10, whieh I record for the first time in
the present communication, represent the anterior pair of testes in
Lumbricus; it follows, therefore, that the ¢ testes” of my former
paper are the vesiculee seminales. The glands of segment 12 now
remain to be accounted for; it seems to me that the clue to the
nature of these glands is to be fonnd in Dr. Bergh’s paper already
referred to. Dr. Bergh describes and figures in Lumbricus a pair of

Fig. 2.
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Acanthodrilus dissimilis.  Dissection of genital region; the esophagus has been
partially removed; the vesicule seminales have been entirely removed
from segment 10 and from the left side of segments 11, 12,

sp, spermatheca ; a, vesiculre seminales; 7, testes; ¢', additional pair of ovaries ;
ov, ovaries; od oviduct ; f, vas deferens funnel vd, vas deferens; #», ne-
phridial aperture; p, prostate se, sac (.ontammtr penial setae.

rudimentary struetures in segment 12, which he regards as an ante-
rior pair of ovaries which do not arrive in that genus at sexual ma-
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turity. The fact that in Acanthodrilus those glands do produce ova
is, to my mind, a very strong counfirmation of the correctness of Dr.
Bergh’s interpretation. I would also recall to the recollection of
those interested in the group, the fact that Perionyr excavatus pos-
sesses occasionally two pairs of fully developed ovaries’. The corre-
spondence between the male aud female glands in Lumbricidee is thus
closer than was at one time thought ; there are two pairs of testes
and two pairs of ovaries, although as a general rule ouly one pair of
ovaries arrives at sexual maturity. The occasional presence in Peri-
onyz of two pairs of oviducts, if it is to be regarded as a reversion, is
a further pont of similarity.

It is geuerally helieved that the Oligochzeta are to be derived from
ancestors resembling in certain points existing Polycheeta. One of
the essential points of difference between the two groups, so far as
we at present know them, is the limitation of the reproductive glands
i Oligocheeta; in the Polycheeta there is an indefinite number of
reproductive glands, and most of the segments contain ovaries or testes;
1n the Oligochzeta terricola, on the contrary, the testes are limited to
two pairs® and the ovaries to a single pair; the occasional presence
of rudimentary or fully developed ovaries in the 12th segment is
evidently an intermediate step in the reduction of the generative glands.

ITI. NotE o~ THE GENITAL SETE OF Pericheta houlleti.

I have lately received, through the kindness of my friend Mr. W.
F. R. Weldon, a large number of Earthworms collected by him during
a recent visit to the Bahamas. The collection includes a species of
Eudrilus, probably identical with one of the species described by
Perrier from this quarter of the globe, and two species of Pericheta.
The Perichete are referable to two distinct species, both of which
have already been described, but have not, so far as I am aware,
been recorded from the New World. One of these is Pericheta
affinis, a species at present only known from India, China, and
Luzon ; it is interesting, therefore, to notice the occurrence of the
same species in the West ludies. The other is Pericheta houlleti,
recorded by Perrier from Calcutta and Cochin China, and by myself
also from the former locality. The structure of this species has
been described in some detail by Perrier 3, but his memoir contains
no account of the peculiar modification which the setze upon the
clitellar segments undergo.

The specimens at my disposal were not in a fit condition for
section-cutting, owing to an accident during their transit; but this
was the less to be regretted, as the softened integument allowed the
cuticle to be readily stripped off, and the setw from different parts
of the body to be examined; this usually cannot be doue in well
hardened examples.

The sete, which are, of course, disposed in a continuous ring -

P P.Z. 8. 1886, p. 308.
* In the Limicolz the testes may be much more numerous.
3 Nouv. Arch. d. Mus. t. viii. (1872).
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round the middle of the body, as in other Perichetce, are much like
those of other species oun the hinder part of the body, that lyiug
posterior to the clitellum; the setee of the anterior segments of
the body agree very closely in their shape with these, but are very
much larger. On the clitellum, however, the setee are very different
in appearance ; they are (woodcut, fig. 3) of very small size com-
pared to the setze of the anterior preclitellar segments, and ter-
minate in a distinctly bifid extremity; the two points in which the
seta ends diverge at a considerable angle from each other, but are
connected by a delicate membrane. The opposite extremity of
the seta, which is imbedded in the body-wall, is abruptly trun-
cated. The whole seta has not the 8-shaped curve which 1s so con-
stant a character in the group, but is curved only in one direction.
As in the other setee of the same species, and in the setee of Earth-
worms generally, the middle part is somewhat thicker; but this
region does not lie in the middle of the setze but is closely approxi-
mated to the posterior extremity ; the part of the seta which lies
behind the dilated region is straight. The general shape of these
clitellar setze, apart, of course, from the bifid extremity, is like that
of imperfectly developed ordinary setee. That this is not really the
case with these sete is, however, clearly shown by the fact that all
the sete of the several rows comprised in the clitellum have precisely
the same shape, and also by the fact that in two specimens of the
worm, which were the first that came to hand, the structure of these
clitellar sete was precisely identical.

This is, I believe, the first record of any such modification of the

Clitellar seta of Pericheta houlleti.

clitellar setee in the genus Pericheta. In P. affinis I have been able
to satisfy myself that the clitellar setee differ in no respect from the
setee of the general body-surface; in P. indica setee appear to be
altogether wanting npon the segments of the clitellum. There are,
however, other species of Lumbricidee in which there is a per-
fectly analogous modification of the setee; in Lumbricus the clitellar
setee are distinguished from those upon the other segments of the



